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Studying the zeroes of partition functions in the space of complex control parameters allows to
understand formally how critical behavior of a many-body system can arise in the thermodynamic
limit despite various no-go theorems for finite systems. In this work we propose protocols that can
be realized in quantum simulators to measure the location of complex partition function zeroes of
classical Ising models. The protocols are solely based on the implementation of simple two-qubit
gates, local spin rotations, and projective measurements along two orthogonal quantization axes.
Besides presenting numerical simulations of the measurement outcomes for an exemplary classical
model, we discuss the effect of projection noise and the feasibility of the implementation on state of
the art platforms for quantum simulation.
I. INTRODUCTION
The theory of phase transitions is central for our un-
derstanding of many-body systems. However, formally
explaining the singular behavior of thermodynamic po-
tentials at phase transitions has been a challenging prob-
lem for a long time because the partition functions are
generically analytic for systems of finite size1. One res-
olution of this problem is an artificial extension of sys-
tem parameters to the complex plane. In this frame-
work, the nonanalytic properties of the thermodynamic
potentials are governed solely by the complex zeroes of
the partition function, termed Fisher zeroes for com-
plex temperatures1 and Lee-Yang zeroes for complex
fields2. While this extension has been primarily con-
sidered a mathematical tool, the interest in studying
complex partition functions has recently been revived
in different contexts, such as complex networks3,4, real
time evolution of quantum many-body systems5,6, pro-
tein folding7, complex renormalization group flows8,9,
Bose-Einstein condensation10,11, dynamical phase tran-
sitions in stochastic systems12,13, and general studies of
many-body systems in complex coupling space14–16. Re-
markably, following the theoretical proposal in17 Lee-
Yang zeroes for one-dimensional Ising chains have been
measured for the first time in a nuclear magnetic reso-
nance experiment18.
In this work, we show how the complex partition func-
tion zeroes for a large class of classical Ising models on
various graphs and in different dimensions can be mea-
sured in quantum simulators such as trapped ions, su-
perconducting qubits, or Rydberg atoms. Our proposed
experiment allows for a wide flexibility not only in the
underlying geometry of the lattice but also in the dif-
ferent system parameters that can be extended to the
complex plane. On the experimental side, the protocol
requires (i) the ability to initialize the qubits in a prod-
uct state, (ii) the implementation of individual two-qubit
Ising couplings, (iii) and the projective measurement of
all the involved qubits in a fixed basis without the need of
reconstructing the full quantum state. In Fig. 1, we show
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FIG. 1. Basic building block of the quantum circuit that
allows to measure complex partition function zeroes of a two-
dimensional classical Ising model. The scheme involves uni-
tary single-qubit and two-qubit gates. Ancilla bits |+〉a and|↑〉a are required to explore the complex parameter plane and
the dashed lines indicate further applications of the same se-
quence to the physical qubits, involving additional ancillas.
an elementary building block of the proposed quantum
circuit. Full local control over the individual spin degrees
of freedom is not necessary in order to realize interesting
cases such as the two-dimensional Ising model, but it al-
lows for a wider variety of realizable model systems. We
focus on Ising models, but the approach is equivalently
applicable to Potts models. In our proposed protocol, the
number of qubits to map out the full complex plane for a
parameter scales linearly with the simulated system size
N . In the end, we discuss the feasibility of the protocols
in quantum simulation platforms such as trapped ions,
superconducting qubits, and Rydberg atoms, as well as
the influence of projection noise resulting from a finite
number of measurements.
II. PROTOCOL
We first present the experimental protocol before de-
scribing how it can be used to measure the partition func-
tion zeroes of Ising models.
We initialize the set of MP physical qubits in a product
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2state
|ψ0,P 〉 = |+〉 =
Mp⊗
l=1
|+〉l , (1)
which is the product of eigenstates |+〉l of all the Pauli
matrices σxl , l = 1, . . . ,Mp, with eigenvalue +1. For the
most general case we will also require ancilla qubits, as
we explain in detail later. We initialize these MA ancilla
qubits, in a state |ψ0,A〉, which can be either polarized
along the z- or x-axis. The required number of ancilla
qubits MA depends on the graph underlying the Ising
Model, as we detail later in the text. Then our total
initial state is
|ψ0〉 = |ψ0,P 〉 ⊗ |ψ0,A〉 . (2)
After the initialization we apply a sequence of two-qubit
gates
Uααν = e
−iKσαl σαm , ν = (l,m,K) , (3)
with σαl a Pauli matrix (α = x, z), l,m denoting the
two involved qubits, and K the respective dimensionless
coupling. In addition, we also use local spin rotations:
Uαµ = e
−ihσαl , µ = (l, h) . (4)
After this sequence of unitary operations, the resulting
state is of the form
|ψ〉 =
⊗
µ
Uαµµ
⊗
ν
Uανανν |ψ0〉 . (5)
Finally, a projective measurement along the σx axis is
performed onto the initial condition:
L = ∣∣〈ψ0|ψ〉∣∣2 . (6)
This measurement does not require full state tomography
but can be estimated by the relative frequency at which
the state |+〉 appears in the projective measurement, as
was done in recent experiments19,20. As we show below,
under a suitable choice of the gates the return probability
L is related to partition functions Z of complex Ising
models:
L ∝ |Z|2 . (7)
Thus, zeroes of Z are equivalently zeroes of L and a mea-
surement of L provides the required information about
Lee-Yang or Fisher zeroes of the implemented spin sys-
tem. When interested in not only the zeroes but also
the full partition function Z, full state tomography is
required to reconstruct the amplitude G(t) = 〈ψ0|ψ〉 in-
stead of the probability L(t).
III. PARTITION FUNCTION AND RETURN
PROBABILITY
We consider the partition function of general classical
Ising models including a magnetic field, which takes the
form
Z =
∑
~s
exp
(
−
∑
i,j
Kijsisj −
∑
i
Hisi
)
=
∑
~s
[∏
i,j
exp
(
−Kijsisj
)
exp
(
−Hisi
)]
(8)
Here, the sum runs over all possible configurations of
N spins, ~s ∈ ZN2 , and Kij and Hi denote dimensionless
couplings or magnetic fields, respectively. Given that the
operator exp
(−∑i,j Kijσzi σzj −∑iHiσzi ) with Kij , Hi ∈
C can be implemented, we directly obtain∣∣ 〈+|e−∑i,j Kijσzi σzj−∑iHiσzi |+〉 ∣∣2 = |Z|2
22N
, (9)
because |+〉 = 1
2N/2
∑
~s |~s〉, where |~s〉 is the σz-basis.
Note that for this identity, we used the fact that the op-
erator is diagonal in the σz-basis. Hence, the approach
is restricted to classical partition functions. Along the
imaginary coupling axis, however, the partition function
zeroes are related to Dynamical Quantum Phase Transi-
tions for a quench from infinite to zero field of a quantum
Ising model5,6,21.
As indicated in the second row of Eq. (8), the contri-
butions of the interaction and field terms factorize such
that these individual constituents can be considered sep-
arately. We additionally separate explicitly the unitary
evolution given by the imaginary parts of the couplings,
and the non-unitary part given by the real parts of the
couplings. Therefore, we expand our previous expression
as
| 〈+|
∏
i,j
e−K
R
ijσ
z
i σ
z
j e−iK
I
ijσ
z
i σ
z
j e−H
R
I σ
z
i e−iH
R
i σ
z
i |+〉 |2 (10)
with Kij = K
R
ij + iK
I
ij and Hj = H
R
j + iH
I
j , and
K
R(I)
ij , H
R(I)
ij ∈ R. In this expression, the unitary parts
directly correspond to the application of unitary gates
UZZ
(i,j,KIij)
and UZ
(i,HIi )
. As we demonstrate next, the non-
unitary part can be implemented via the coupling to an-
cilla spins and additional projective measurements.
To emulate the action of the non-unitary operator
e−K
R
ijσ
z
i σ
z
j on a state |ψ〉 with only unitary gates, we add
an ancilla qubit to the system. This additional spin is
polarized in the x-direction such that the state of the
enlarged system is |ψ〉 ⊗ |+〉a, as alluded to in Eq. (2).
On this state, we apply two Ising gates with coupling
strength κij and κ
′
ij between qubits i, j and the ancilla
spin, followed by a projection of the ancilla onto its initial
state. After using Eq. (3), this procedure yields
〈+|a UZZ(i,a,κij)UZZ(j,a,κ′ij) |ψ〉 |+〉a = cos(κijσ
z
i + κ
′
ijσ
z
j ) |ψ〉 .
(11)
3The outcome can be matched with the effect of ap-
plying imaginary time evolution e−K
R
ijσ
z
i σ
z
j by appro-
priately choosing κij and κ
′
ij so that the action of
〈+|a UZZ(i,a,κij)UZZ(j,a,κ′ij) |ψ〉 |+〉a on basis configurations of
spins i and j is equivalent to imaginary time evolution
on those spins. Thus, after setting cos(2κij) = e
−2|KRij |
and κ′ij = sgn(K
R
ij)κ, we obtain
e−K
R
ijσ
z
i σ
z
j |ψ〉 = e|KRij | 〈+|a UZZ(i,a,κij)UZZ(j,a,κ′ij) |ψ〉 |+〉a .
(12)
Imaginary time evolution with a magnetic field is real-
ized in the same fashion, again introducing an ancilla bit
that is polarized along the x-axis. In this case, we require
an Ising gate with coupling λj between the physical and
the ancilla spin, and a local spin rotation of strength µj
on the ancilla, which results in
〈+|a UZZ(j,a,λj)UZ(a,µj) |ψ〉 |+〉a = cos(λjσzj + µj) |ψ〉 .
(13)
As with the previous paragraph, we adjust the
couplings λj and µj to match the action of
〈+|a UZZ(j,a,λj)UZ(a,µj) |ψ〉 |+〉a with that of the non-unitary
operator by choosing cos(2λj) = e
−2|HRj | and µj =
−sgn(HRj )λ. Then, we obtain
e−H
R
j σ
z
j |ψ〉 = e|HRj | 〈+|a UZZ(j,a,λj)UZ(a,µj) |ψ〉 |+〉a . (14)
After implementing our emulation of imaginary time
evolution, our return probability L is
L = ∣∣ 〈ψ|0,A 〈+|Uae−∑i,j iKIijσzi σzj−∑j iHIj σzj |+〉 |ψ〉0,A ∣∣2
(15)
where |ψ0,A〉 is polarized in the +x direction and UA =∏
i,j
(
UZZ(i,a,κij)U
ZZ
(j,a,κ′ij)
)∏
j
(
UZZ(j,a,λj)U
Z
(a,µj)
)
. Thus, we
find the following expression for L:
L = e
−2∑j |HRj |−2∑j |KRij |
22N
|Z|2. (16)
Thus, based on this scheme, one can obtain the norm of
the partition function, |Z|2, for arbitrary complex cou-
plings Kij and Hj . This procedure applies to, in princi-
ple, Ising models on arbitrary graphs (although the con-
crete feasible realizations can depend on the experimen-
tal platform), meaning in particular that the procedure
is independent of the dimensionality of the classical Ising
model.
In this approach, we introduced one qubit per classi-
cal spin. To map out, for example, the Fisher zeroes in
the complex parameter plane of an Ising model without
magnetic field on a square lattice with cylindric bound-
ary conditions and lattice dimensions N × L (with open
boundary of length L), 3NL−N qubits are required and
6NL−3N unitary gates need to be applied. The number
of qubits arises from NL “physical” qubits and 2NL−N
ancillas, which are necessary to realize the real parts of
the Ising coupling. We require 6NL− 3N unitary gates
because for each Ising coupling, one gate is required for
the real part and two gates are required for the imaginary
part.
IV. TWO-DIMENSIONAL ISING MODELS
We now discuss an experimental protocol for two-
dimensional Ising models, which requires fewer qubits
than the above procedure and realizes open boundary
conditions in one direction and open or periodic bound-
ary conditions along the other direction. For simplicity of
notation, we assume homogeneous nearest neighbor Ising
couplings Kx and Ky in x and y directions, respectively,
and we exclude the longitudinal magnetic field, which
can be implemented just as in the previous section; these
constraints can be relaxed, however, as our procedure can
treat more general models analogously.
In our protocol, similar to the conventional quantum-
classical mapping, we relate the return probability of a
periodically kicked transverse field quantum Ising Model,
Pkicked = | 〈+|e−K
∑
σzi σ
z
j
(
e−H
∑
σxi e−K
∑
σzi σ
z
j
)L−1|+〉 |2 ,
(17)
to the partition function of a two-dimensional classical
Ising Model after insertion of a complete set of states
after each period. We then arrive at
Pkicked =
∣∣∣∣ sinh(2H)N(L−1)2N(L+1)
∣∣∣∣ ∣∣Z(K,− ln(tanh(H))2 , N, L)∣∣2
(18)
where Z(Kx,Ky, N, L) is the partition function of the
classical Ising model with lattice size N × L. In the ex-
pression above, the quantum couplings K and H can
again be complex numbers and the non-unitary part can
be implemented as discussed in the previous paragraph.
We implement the imaginary time evolution of the trans-
verse field of the quantum model analogously to the imag-
inary time propagation e−H
R
j σ
z
j given in Eq. (14), i.e., the
coupling to a transverse field can be implemented as
e−H
Rσxj |ψ〉 = e|HR| 〈↑|a UXX(j,a,λ)UX(a,µ) |ψ〉 |↑〉a . (19)
with λ and µ as given above and UXX(j,a,λ) and U
X
(a,µ) are de-
fined analogously to the gates introduced in Eqs. (3) and
(4) with σx Pauli operators. Here, |↑〉 denotes the eigen-
state of σz with eigenvalue +1, σz |↑〉 = |↑〉. Then, after
computing L analogously to Eq. (15) and, as discussed
above, adding transverse field gates and z-polarized an-
cilla spins, our expression for the measured probability L
is
L = | 〈+|e
−K∑σzi σzj (e−H∑σxi e−K∑σzi σzj )L−1|+〉 |2
e2N(L−1)|HR|+2NL|KR|
.
(20)
4(a) (b)
Im
[s
in
h
(2
K
)]
Re[sinh(2K)]
−2
−1
0
1
2
−2 −1 0 1 2 2
3
4
5
6
7
8
9
10
11
12
13
14
ln
|Z
|
Im
[H
]
Re[H]
−2
−1
0
1
2
−2 −1 0 1 2 12
16
20
24
28
32
36
ln
|Z
|
FIG. 2. Complex partition function zeroes of a 3× 3 Ising model on a cylinder as revealed by the return probability given in
Eq. (20). (a) Fisher zeroes in the complex K-plane (note the rescaling of the axes). The white line indicates the unit circle, on
which all Fisher zeroes reside in the thermodynamic limit. (b) Lee-Yang zeroes in the complex magnetic field plane.
In Fig. 1, we display an example of the basic build-
ing block of the corresponding quantum circuit that im-
plements the required kicking. The quantum circuit in-
volves the Ising coupling between two qubits and the evo-
lution of single qubits in the transverse field. For the
non-unitary part of the evolution, two ancilla bits are
required.
Overall, to address a classical Ising model on a square
lattice with cylindric boundary conditions of size N ×L,
2NL qubits are required as opposed to 3NL−N qubits
that would be required using the scheme of the previ-
ous paragraph. Although the number of qubits is still
proportional to the number of classical spins, the smaller
prefactor is relevant considering the number of qubits
available in present day quantum simulators. Note that
the number of ancilla qubits could be further reduced
on platforms that allow for the measurement and re-
initialization of individual qubits during the execution
of a circuit. The total number of required gates is
6NL− 3N , just as in the scheme presented before.
V. COMPLEX PARTITION FUNCTION
ZEROES
To identify zeroes of the partition function in the com-
plex parameter plane experimentally, one maps out the
parameter space with measurements of the return prob-
ability L as described above. We now present hypothet-
ical results obtained from numerical simulations of the
experimental protocols based on an exact numerical sim-
ulation. For these examples we chose a two-dimensional
Ising model on a square lattice of 3 × 3 spins with open
boundary conditions in one direction and periodic bound-
aries in the other direction for convenience. We consider
identical couplings of all pairs of nearest neighbors. For
this setting, the realization appears within reach using
the kicking protocol (20) with state of the art quantum
simulators. First, we consider Fisher zeroes, i.e., roots
of the partition function in the complex K-plane. The
numerical result for the partition function Z as given
in Eq. (20) is shown in Fig. 2(a). In the complex cou-
pling plane, the result shows distinct points of a vanish-
ing partition function corresponding to Fisher zeroes of
Z. Upon increasing the system size the number of Fisher
zeroes also increases. In the thermodynamic limit, they
coalesce to form manifolds in the complex plane1. In the
case shown here, this manifold is the unit circle1,22,23,
indicated as the white dashed line in Fig. 2(a). In Fig.
2(b), we show the partition function Z in the complex
magnetic field plane to identify Lee-Yang zeroes. Again,
the return probability shows distinct points at which Z
becomes zero. The Lee-Yang zeroes lie on the imaginary
axis; thus, there is no phase transition as a function of
the magnetic field for Re(H) > 0.
As one can see, the complex zeroes for the small system
considered in Fig. 2(a) already follow closely the result in
the thermodynamic limit. In Fig. 3, we show the distri-
bution of Fisher zeroes in the complex temperature plane
of an Ising model with cylindric boundary conditions for
system sizes 3 × 3, 5 × 5, and 7 × 7. The number of ze-
roes increases with increasing system size, and they are
distributed more and more densely along the unit circle
indicated by the white dashed lines. In the thermody-
namic limit the Fisher zeroes will coalesce to this unit cir-
cle that cuts the real parameter axis, thereby indicating
the critical temperature of the phase transition between
ferromagnet and paramagnet. The density of partition
function zeroes near the critical temperature determines
critical exponents of the transition1. Therefore, the study
of partition function zeroes for finite systems can already
give information about the thermal phase transition.
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FIG. 3. Complex partition function zeroes of Ising mod-
els on cylinders of different sizes: (a) 3 × 3, (b) 5 × 5, (c)
7× 7. With increasing system size the distribution of Fisher
zeroes becomes denser. In the thermodynamic limit they will
coalesce on the unit circle indicated by the white dashed line.
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FIG. 4. (a) Simulated measurement outcome for the partition
function zeroes in the complex coupling plane of a classical
3×3 Ising model for a finite number of 5000 measurements dis-
playing the projection noise. (b) Cut along the white dashed
line of (a) comparing the measured probability L with the
exact result. From light to dark blue the data points corre-
spond to simulated measurements with 1000, 5000, and 10000
samples.
VI. PROJECTION NOISE
In the experimental realization of the proposed pro-
tocols the return probability L will be obtained from a
finite number of measurements as the relative frequency
of the outcome that all spins are polarized along the pos-
itive x-direction. This finite number of measurements
introduces projection noise onto the result for L. In or-
der to assess whether partition function zeroes can still
be identified, we simulate numerically the effect of pro-
jection noise by drawing a finite number of samples from
the resulting wave function.
In Fig. 4 a representative result is shown for the mea-
sured partition function, obtained with N = 5000 sam-
ples at each point in the complex coupling plane. De-
spite the fluctuations, the locations of Fisher zeroes can
be identified as distinct minima in the observed return
probability.
Having discussed the possibilities to detect experimen-
tally the location of partition function zeroes in the com-
plex parameter plane, we next extend this scheme to the
measurement of correlation functions.
6VII. CORRELATION FUNCTIONS
In thermal ensembles correlation functions of the form
〈sisj〉 = 1
Z
∑
~s
sisje
−∑lmKlmslsm−∑lHlsl (21)
probe physical properties of the system, whose exten-
sions to complex parameter planes have been also ex-
plored16. As we explain now, in addition to the partition
function, accessing correlation functions at complex cou-
plings is also possible within the proposed framework of
quantum circuits. In particular, the norm of the cor-
relation function is accessible by slightly extending the
scheme discussed before for the measurement of the par-
tition function. To implement the measurement of cor-
relation functions in the quantum circuit we exploit the
fact that σiσj = −ieipiσiσj−1/2. Therefore, the norm of
the correlation function can be obtained as the ratio the
return probabilities in two quantum circuits that differ
only by one additional Ising gate,
| 〈sisj〉 |2 =
∣∣ 〈+|eipi/2(σiσj−1)−∑i,j Kijσzi σzj−∑iHiσzi |+〉 ∣∣2∣∣ 〈+|e−∑i,j Kijσzi σzj−∑iHiσzi |+〉 ∣∣2 .
(22)
Now, we present a procedure for computing the cor-
relation function for spins which includes information
about phases, in the two-dimensional Ising Model. This
method can also be generalized to arbitrary Ising mod-
els. There are two mechanisms for explicitly computing
complex correlation functions between two spins for the
two-dimensional Ising Model – one for both spins in the
same “row” of the lattice and one for the case where the
spins are located in different rows. Both involve insert-
ing additional couplings or magnetic fields at the spins
whose correlation we wish to measure.
Consider our experimental procedure including kicking
for the two-dimensional Ising Model with couplings K
and H. To measure correlations between spins (i, j) and
(k, l) one can introduce an additional coupling δKij,kl be-
tween those spins. For this section, we let F(δKij,kl) be
the return amplitude measured for the two-dimensional
Ising Model with said additional coupling.
First, suppose the spins are in the same row, i.e., both
spins occur in the same kick of the kicked quantum Ising
Model. We first add a small real coupling δKR between
the two spins whose correlation we are measuring: Si,m
and Sk,m. Then, the magnitude of the return amplitude
is given by
|F(δKRim,km)|2 =
|F(0)|2(1 + 2δKRim,kmRe〈Si,mSk,m〉)
e2(|K+δK
R
im,km|−|K|)
.
(23)
If we instead add a small imaginary coupling δKIim,km
between the two spins Si,m and Sk,m, we get
|F(δKIim,km)|2 = |F(0)|2(1− 2δKIim,kmIm〈Si,mSk,m〉).
(24)
Therefore, making measurements with an additional real
or imaginary coupling between the spins of interest,
respectively, will provide real and imaginary parts of
〈Si,mSk,m〉 as
Re〈Si,mSk,m〉 = − 1
2δKRim,km
+
|F(δKRim,km)|2e2(|K+δK
R
im,km|−|K|)
2δKRim,km|F(0)|2
Im〈Si,mSk,m〉 = − 1
2δKIim,km
(
|F(δKIim,km)|2
|F(0)|2 − 1
)
.
(25)
Now, suppose the spins are in different rows. Because
the spins occur during different kicks of the kicked quan-
tum Ising Model, coupling the spins is not feasible. We
thus add z-direction magnetic fields at each spin: Si,m
and Sk,n. We let F(δBij,kl) be the return amplitude mea-
sured for the two-dimensional Ising Model with an addi-
tional z-direction magnetic field δBij,kl added at both
spins ij and kl. First, we add a real magnetic field
δBRim,kn to both spins. Then,
|Z(δBRim,kn)|2 = |Z(0)|2(1 + 2(δBRim,kn)2(1+
Re〈Si.mSk,n〉)) (26)
and
F(δBRim,kn) =
e−4|B
R
im,kn|F(0)(1 + 2(δBRim,kn)2(1 + Re〈Si.mSk,n〉)) .
(27)
Thus, measuring F(δBRim,kn) will indicate the real part
of 〈Si,mSk,n〉. Now, we add a magnetic field δBRim,kneipi/4
at each spin. Then,
|Z(δBRim,kneipi/4)|2 = |Z(0)|2(1− 2(δBRim,kn)2·
Im〈Si.mSk,n〉). (28)
and
F(δBRim,kneipi/4) =
e−2
√
2δBRim,knF(0)(1− 2(δBRim,kn)2Im〈Si.mSk,n〉) , (29)
which yields the imaginary part of the desired classical
expectation value. Thus, both a simpler procedure for
measuring the norm of a correlation function and a more
involved procedure for measuring the phase of a correla-
tion function are possible with the quantum circuit pre-
sented in this paper.
VIII. DISCUSSION
In this work, we have proposed schemes to measure
complex partition function zeroes of arbitrary Ising mod-
els in quantum simulators. The required number of
7qubits scales linearly in the system size of the target sys-
tem, where the details of the scaling depend on the cho-
sen boundary conditions and on the specific simulation
scheme.
For Ising models of small size, our scheme is feasible on
current quantum simulation platforms including trapped
ions, superconducting qubits, or Rydberg atoms, as we
will argue in the following. In all of these devices, the
simulation of more than 10 qubits has been reported24–27,
initial product states have been realized20,24–30, the in-
dividual gates can be implemented, and single-qubit re-
solved measurements in a fixed measurement basis can be
performed20,24–30. For a concrete choice of Ising model,
coupling the ancilla qubits to the physical ones prop-
erly may be challenging. Using trapped ion or super-
conducting qubit quantum computers any desired Ising
coupling between two individual spins can be achieved, in
principle. While controlled experiments with 20 or more
qubits remain challenging, substantial progress has been
reported recently24,25,27,28,31,32.
Let us now outline more concretely one potential real-
ization in systems of Rydberg atoms. Targeting the mea-
surement of the partition function for a one-dimensional
Ising model, for instance, one can utilize the recent ad-
vances to controllably place Rydberg atoms in three-
dimensional space by means of optical tweezers24,33,34.
Starting with a linear chain to realize the targeted Ising
model, the ancilla spins can be placed midway between
two physical spins but outside of the one-dimensional line
forming the Ising chain. What remains is to engineer
the spin-spin interactions between the spins of the tar-
geted model and their coupling to the ancillas. Here, one
can make use of two degrees of freedom to tune the in-
volved interaction strengths to their desired values. On
the one hand, the interaction strength exhibits a marked
distance dependence which can take either dipolar or van-
der Waals form. On the other hand, interactions also
show a directional dependence due to their dipolar na-
ture35. The combination of those two ways to tune the
involved interaction strengths allows to explore a wide
range of complex parameter space. For a chain of length
N = 10, this would require a total number of 19 spins
which is even well below reported experiments with sys-
tems realizing more than 50 spins24,31.
While the scheme relies on the simulation of only a
number of qubits linear in the system size of the targeted
system, the measurement of the zeroes requires never-
theless resources scaling exponentially. This increase in
scale, however, is not a consequence of our proposed pro-
tocols but rather due to the fact that partition functions
depend exponentially on system size.
Previously, the calculation of partition functions for
classical spin models has been related to quantum com-
putation in ways that, however, differ from our approach.
These relations allow to use techniques from quantum in-
formation theory to compute the partition sum on clas-
sical computers36, to draw conclusions about the classi-
cal simulability of quantum algorithms from the knowl-
edge of classical partition sums37, or to construct efficient
quantum algorithms to evaluate the partition sum of ±J
spin glasses38. By contrast, our scheme can, in principle,
translate the complex partition function of any classi-
cal Ising model on any graph to a circuit for execution
on a quantum simulator. Further, the protocols can be
straightforwardly extended to classical Potts models.
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